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(54) Method and device for the synchronisation between two networks 



(57) The present invention relates to a method of 
synchronisation between communication networks ex- 
changing information by frame of informations, each 
communication network having clock and the number of 
clock pulses is monitored by a counter the synchroni- 
sation is made by reading information representing the 
counted clock pulses of the clock of the first network at 
the appearance of a reference event, inserting at least 
said information or calculated information on the basis 



of said information into the frame of information as the 
synchronisation information, transferring said frame of 
information from the first to the second network, reading 
information representing the number of counted clock 
pulse of the clock of the second network at the appear- 
ance of reference event, reading synchronisation infor- 
mation inserted in received frame of information from 
the first network, calculating a difference between infor- 
mation and synchronising the second network. 
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D s ription 

[0001] The present invention concerns a method of 
synchronisation between two networks. 
[0002] Communication networks are known, formed s 
by several serial communication buses which are for ex- 
ample in accordance with IEEE 1394 - 1995. 
[0003] IEEE 1394 - 1995 defines a high-throughput 
serial communication bus which must allow a low-cost 
interconnection between cards in the same item of io 
equipment, cards in different equipments and external 
peripheries. 

[0004] There are two physical environments for a se- 
rial bus: the cable and the back plane (or interconnection 
card). Interconnection by cable makes possible to con- is 
nect up to sixteen different items of equipment at a max- 
i mum d i stan ce of 4 .5 mot res. This all o ws a t ot al^dtstance 



[0012] On ach serial communication bus in the net- 
work, each peripheral or node has an internal clock (os- 
cillator) from which clock pulses are generated at a clock 
frequency, for example 24.576 MHz. 
[0013] On each serial communication bus in a net- 
work, one of the nodes is referred to as the "Cycle Mas- 
ter", and the cycle master node on the "root" bus is re- 
ferred to as the "Network cycle master". 
[0014] All "cycle master" nodes in the network gener- 
ate cycles using their internal clocks and thus the dura- 
tion of these cycles will depend on the precision of each 
particular clock. The duration of the cycle denoted T, pe- 
culiar to a bus, is equal to an integer n umber n injt of clock 
pulses common or not to all the buses and which is mul- 
tiplied by the inverse of the frequency of the internal 
clock of the "cycle master" node of the bus. 
— fOOl 5J The donation o\ IfiBrisochTonuus cycte TTs"TftU5" 
for example 125 microseconds ± 12,5 ns. 
[001 6] The synchronisation of the isochronous cycles 
on a serial communication bus is checked by the "cycle 
master" node of the bus under consideration, which can 
be defined as a synchronisation node of the bus. 
[001 7] The "cycle master" node will then generate, on 
the bus, every 1 25 microseconds ± 1 2,5 ns, a signal re- 
ferred to as the "cycle start packet", which corresponds 
to a synchronisation message. The frequency of gener- 
ation of this signal is supplied by an internal clock, de- 
rived from its local clock at 24.576 MHz, with a frequency 
equal to 8 kHz ± 100 ppm that the "cycle master" node 
keeps up to date. 

[0018] This signal on the bus, makes it possible to 
synchronise other nodes with respect to the "cycle mas- 
ter" node and also inform them that they can transmit 
isochronous data to other nodes on the same bus or one 
or more of the other buses, which are connected to the 
bus under consideration respectively by one or more 
bridges. 

[0019] It should be noted that, when an isochronous 
cycle starts, whilst the data are being transmitted over 
the bus, the generation of the cycle start packet is de- 
layed, that's generates a significant shift of the cycle 
start. 

[0020] Considering that such a shift is very often un- 
acceptable, the delay time on transmission of a cycle 
start signal is taken into account in a register referred to 
as the cycle time register. Thus, the Cycle Master makes 
through the cycle starts signal, a copy of its cycle time 
register for all isochronous nodes connected to the bus. 
[0021] Each node which is capable of transmitting is- 
ochronous data has such cycle time register. 
[0022] The cycle time register, also abbreviated to 
CTR, has a size of 32 bits, the first twelve bits represent 
a counter modulo 3072 which is incremented at each 
period of the local clock which frequency is 24.576 
MHz. 

[0023] The following thirteen bits of the cycle time reg- 
ister CTR represents a counter of the number of iso- 
chronous cycles transmitted at a frequency of 8 kHz. 



of 72 metres between the furthest-away items of equip- 
ment. The speed of transmission over the cable can be 
100, 200 or even 400 Mbps. The transmission speeds 20 
on a back plane can be 25 (24,576) and 50 Mbps. The 
access mechanism to the bus has been specified in this 
standard to allow equitable use of the bus by all the 
items of equipment connected thereto. In addition to the 
conventional functions of reading/writing, the serial bus 25 
offers advanced synchronised services such as the 
transportation of isochronous data (guaranteeing a 
transmission time and a bandwidth), and an overall time 
base with a precision less than one microsecond for syn- 
chronising data and events. so 
[0005] The serial communication buses are organ- 
ised in a network, that is to say they are connected to- 
gether by interconnection elements which are referred 
to as "bridges". 

[0006] The bridges connecting serial communication 35 
buses are in particular the subject of the standard 
P1394.1, which is under discussion. 
[0007] A bridge has two items of interconnection 
equipment or nodes, also referred to as "portals", which 
are each connected to one of the two serial communi- 40 
cation buses. 

[0008] These two items of interconnection equipment 
communicate with each other through links of different 
natures: wired, optical, radio etc. 

[0009] The bus network thus forms a structure ar- 45 
ranged hierarchically in a tree in which one of the buses 
is considered to be the upper bus, referred to as the 
"root" bus, from which the various other buses extend, 
constituting the branches of the hierarchical tree struc- 
ture, so 
[0010] Each serial communication bus in such net- 
work connects together different peripherals such as 
printers, computers, servers, scanners, video tape re- 
corders, decoders (or set top boxes), television receiv- 
ers, digital cameras, camcorders, digital photographic ss 
apparatus, telephones, audio/video players, etc. 
[0011] These peripherals are generally referred to as 
nodes. 
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[0024] The last seven bits of the cycle time register 
CTR count the number of seconds. 
[0025] When the cycle start signal r aches all the 
nodes on the bus able to transmit isochronous data, they 
copy, into a register, the content of the cycle time register 
CTR of the "cycle master" node of the bus contained in 
the cycle start signal. 

[0026] The maximum difference is in fact obtained 
when the internal clock frequency of one of the periph- 
erals is 24.576 MHz + 100 ppm and the other frequency 
of the other peripheral is 24.576 MHz - 100 ppm. 
[0027] For example, the frequency of the internal 
clock of the "network cycle master", denoted CM A , of 
the "root" bus has a value of 24.576 MHz + 100 ppm, 
whilst that of the internal clock the "cycle master" CMb 
of a lower-level bus which is directly connected to the 
"^rbot" bus by a bridg e has a value o f 24 . 576 M H z - 1 00 
ppm. 

[0028] The communication networks formed by serial 
communication buses allow the transmission of syn- 
chronised data using cycles of the buses under consid- 
eration. The buses are for example used for transmitting 
real-time data of the audio/video type. 
[0029] Thus, when the two "cycle masters" previously 
mentioned, denoted CM A and CM B , are taken with their 
respective clock frequency values, namely 24.576 MHz 
+ 100 ppm and 24.576 MHz - 100 ppm, the duration of 
the cycles calculated for each of the "cycle masters", 
denoted respectively T A and T B , are different, because 
of the different frequencies of the internal clocks of these 
"cycle masters". 

[0030] Figure 1 also illustrates this phenomenon and 
shows, on two superimposed axes, for the same integer 
number n jrm such that T A = n lnit /F A and T B = n mit /F Bl 
where F designates the clock frequency of the "cycle 
master" under consideration, a cycle of duration T B 
greater than the cycle T A . 

[0031] This figure depicts, above the first two cycles 
of the bus, the numbers of two data packets identified 
by the numbers 1 and 2. 

[0032] It should also be noted that the case depicted 
in Figure 1 is very unlikely in reality since it envisages a 
nil phase difference at the origin of each of the first cy- 
cles of the two buses. 

[0033] However, a comparison of these two axes 
shows a relate shift in the start of each cycle which 
corresponds in fact to a change in the phase shift (nil at 
the origin of the times in the figure) in the course of time 
between the cycles under consideration. 
[0034] I n addition , two arrows have been depicted be- 
tween the two axes in order to indicate the delay with 
which the data packets denoted 1 and 2 are transmitted 
over the Jgus B after having crossed the bridge connect- 
ing buses A and B together. It is in fact estimated that 
the delay depicted here is equivalent to two cycles and 
is explained by the time necessary for the processing of 
the packets in the bridge before they are transmitted 
over the bus B. 



[0035] Thus, having regard to the relative time offset 
noted between the respective cycles of buses A and B, 
at the end of a certain number of cycl s, a data packet 
emanating from bus A will not be transmitted to bus B. 
s [0036] The non-transmission of this data packet may 
therefore be highly prejudicial for real-time data of the 
audio and/or video type. 

[0037] This is because, with data for example of the 
video type, it is very important to correctly transmit all 

10 the video data packets so as not to degrade the video 
image obtained from the transmitted packets. 
[0038] In general terms, if the duration T A is less than 
T B , then a data packet will be lost at the end of a certain 
number of cycles, which means that one cycle will have 

is been lost, and if, on the other hand, T A is greater than 
T B , then no data packet will be transmitted during one 

of the eye I es mdtherewtH^heref ore b e a n e m pty-eyGtej - 

giving rise, thereby, to a loss of synchronisation in the 
processing of real-time data of the audio and/or video 

20 type. 

[0039] The problem of offset mentioned above is cur- 
rently being studied within the Bridge working group of 
the IEEE 1394 (standard P1 394.1) standardisation 
committee. 

25 [0040] Solutions have been proposed, notably by the 
Philips company in January and March 1998 within this 
working group, in the form of two contributions refer- 
enced Br008r00.pdf and Br015r00.pdf entitled: " Syn- 
chronising Cycle Master to External Timing Information 

30 via Cycle Slave 

[0041] In the context of this solution, a bridge consist- 
ing of two connecting nodes or "portals" connect two se- 
rial communication buses, one being referred to as the 
master bus and the other the slave bus respectively ref- 

35 erenced b A and b B . In a known fashion, the isochronous 
cycles of each serial communication bus b A and b B are 
synchronised by virtue of the mechanism for transmit- 
ting the cycle start signals generated by the "cycle mas- 
ter" synchronisation nodes of each of the buses. In order 

40 to solve the problem mentioned above and to synchro- 
nise buses b A and b B together, Philips proposes to 
transmit, at the connecting node connected to the bus 
b A , a signal referred to as "cycle reset" intended for the 
interconnecting node connected to the bus b B . 

45 [0042] This signal indicates the start of a new iso- 
chronous cycle which corresponds to the chain ge to zero 
of the first twelve bits of the cycle time register CTR at 
the interconnecting node connected to the bus b A . 
These first twelve bits are referred to as "cycle offset*. 

50 [0043] The interconnecting node connected to the 
bus b B receiving the "cycle reset" signal recovers the 
value of the counter "cycle offset" from its cycle time reg- 
ister CTR and stores it in a register called "timer offset". 
[0044] The register "timer offset" therefore contains 

55 the value of the offset betwe n the isochronous cycles 
of the master bus b A and slave bus b B . 
[0045] Next, the interconnecting node connected to 
the bus b B , copies the content of the register "timer off- 
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set" into a register called "timer adjustment" of the "cycl 
master" node of the slave bus b B . 
[0046] The "cycle master" node of the slave bus b B 
then reads the content of its cycle time register CTR, 
subtracts therefrom the value of the content of the reg- s 
ister "timer adjustment" and records this result in its cy- 
cle time register CTR. 

[0047] This method makes it possible to keep the reg- 
isters "cycle offset" of the "cycle master" nodes of buses 
b A and b a synchronised at each transmission of the is- to 
ochronous cycle, which prevents offsets due to lack of 
precision in their respective clocks. 
[0048] However, this solution has a drawback since 
the transmission of the signal "cycle reset" from the in- 
terconnecting node connected to the bus b A to the in- is 
terconnecting node connected to the bus b a must be in- 
stantaneous^ ^elatively^^ 
precision in order not to introduce any error into the eval- 
uation of the start of the isochronous cycle. 
[0049] This solution is applicable when the two inter- 20 
connecting nodes of the bridge form part of the same 
physical entity or are not distant from each other. 
[0050] However, when these two items of intercon- 
necting equipment communicate with each other for ex- 
ample by radio, by optical link or through a network the 2s 
transmission of the signal "cycle reset" is not instanta- 
neous and suffers various transmission delays. 
[0051] In addition, in the case of transmissbn by ra- 
dio, it is not possible to guarantee good reception of the 
signal because of interference on the radio channel. 30 
[0052] Consequently, it would be advantageous to 
find a method for synchronising two serial communica- 
tion buses connected together by a bridge, whatever the 
communication medium used for the transmission of in- 
formation between the two interconnection nodes con- 35 
stituting the bridge. 

[0053] In general terms, this invention solves the 
problem of synchronisation between the two synchroni- 
sation nodes or "cycle masters" of the serial communi- 
cation buses under consideration. 40 
[0054] The present invention thus aims to remedy this 
problem by proposing a method of synchronisation be- 
tween communication networks exchanging information 
by frame of informations, each communication network 
having clock and the number of clock pulses is moni- 4S 
tored by a counter, the method comprises the following 
steps: 

reading information representing the counted clock 
pulses of the clock of the first network at the appear- so 
ance of a reference event, 

inserting at least said information or calculated in- 
formation on the basis of said information into the 
frame of information as the synchronisation infor- 
mation, 55 
transferring said frame of information from the first 
to the second network, 

reading information representing the number of 



count d clock pulse of the clock of th second net- 
work at the app arance of reference event, 
reading synchronisation information inserted in re- 
ceived frame of information from the first network, 
calculating a difference between information, 
synchronising the second network. 

[0055] Correlatively, the invention proposes an appa- 
ratus for synchronisation between communication net- 
works exchanging information by frame of informations, 
each communication network having clock and the 
number of clock pulses is monitored by a counter, the 
apparatus connected to at least two networks compris- 
ing: 

reading means for reading information representing 
he counted clock pulses of the clock of the^f irst~net- 



work at the appearance of a reference event, 
inserting means for inserting at least said informa- 
tion or calculated information on the basis of said 
information into the frame of information as the syn- 
chronisation information, 

transferring means for transferring said frame of in- 
formation from the first to the second network, 
reading means for reading information representing 
the number of counted clock pulse of the clock of 
the second network at the appearance of reference 
event, 

reading means for reading synchronisation infor- 
mation inserted in received frame of information, 
calculating means for calculating a difference be- 
tween information, 

synchronising means for synchronising the second 
network. 

[0056] By this way, no packets are lost, which is im- 
portant for the transfer of certain data, no large memory 
used for buffering data is required if networks are not 
synchronised. By taking the number of counted clock 
pulses of two networks, we can easily synchronise one 
network to the second. The reference event permit to 
keep track of the moment these numbers have been tak- 
en avoiding problem generated by delay of transmission 
and processing time. A difference calculation is also an 
easy way to evaluate unsynchronisations between two 
networks. The insertion of synchronisation informations 
into data frames does needtogenerate special synchro- 
nisation signals among network and simplifies the con- 
figuration of interconnected networks. The processing 
time mentioned above, which represents the time to re- 
cover the synchronisation information into the data 
frame has no effect on the accuracy of the synchronisa- 
tion of the networks. 

[0057] The invention also proposes a method of trans- 
ferring information from a first node to a second node, 
each node connected respectively to a communication 
network, each communication network being synchro- 
nised by exchanging a synchronisation information be- 
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tween the first and the second node, the first node hav- 
ing a counter monitoring clock pulses of a clock, the 
method comprises the following steps executed in the 
first node when a frame comprising data has to be trans- 
ferred from the first node to the second : 

reading information representing the counted clock 
pulses at the appearance of a reference event, 
inserting at least said information or calculated in- 
formation on the basis of said information into the 
frame as the synchronisation information, 
transferring said frame to the second node. 

[0058] It also proposes an apparatus for transferring 
information to a node of communication, the apparatus 
and the node connected respectively to a communica- 
tion network, each c ommunication ne t work being syn -~ 
chronised by exchanging synchronisation information 
between the apparatus and the node, the apparatus 
having a counter monitoring clock pulses of a clock, the 
apparatus comprising the following means: 

reading means for reading information representing 
the counted clock pulses at the appearance of a ref- 
erence event, 

inserting means for inserting at least said informa- 
tion or calculated information on the basis of said 
information into a frame as the synchronisation in- 
formation, 

transferring means for transferring said frame to the 
node. 

[0059] This invention also proposes a method of re- 
ceiving information from a first node by a second node, 
each node connected respectively to a communication 
network, each communication network being synchro- 
nised by exchanging a synchronisation information be- 
tween the first and the second nodes, the second node 
having a counter monitoring clock pulses of a clock, the 
method comprises the following steps executed in the 
second node when a frame comprising data is received 
from a first node: 

reading information representing the counted clock 
pulse at the appearance of reference event, 
reading synchronisation information inserted in re- 
ceived frame, 

calculating a difference between information, 
entering into a network synchronisation procedure 
according to the results of the calculating step. 

[0060] Correlativefy, the invention also proposes an 
apparatus for receiving information from a node, the 
node and the apparatus connected respectively to a 
communication network, each communication network 
being synchronised by exchanging a synchronisation in- 
formation between the node and the apparatus, the ap- 
paratus having a counter monitoring clock pulses of a 



clock, the apparatus comprising: 

reading means for reading information representing 
the counted clock pulse at the appearance of refer- 

s ence event, 

reading means for reading synchronisation infor- 
mation inserted in received frame, 
calculating means for calculating a difference be- 
tween information, 

io - synchronisation means for synchronising the net- 
work according to the results of the calculating 
means. 

[0061] According to a preferred embodiment, the cal- 
ls culated information inserted into the frame is a differ- 
ence of the number of counted clock pulses between 

t wo r efe r e n c e e ven ts. 

[0062] By such way, we can reduce the quantity of in- 
formations inserted into a frame, so the effective band- 
width for data transmission is maintained in a certain 
manner. Stable propagation delays have no effect on 
the invention, so the total accuracy of the synchronisa- 
tion is improved. 

[0063] According to another preferred embodiment, 
the frame is constituted of a preamble, and a data frame 
and the reference event is the start of the data frame. 
[0064] By such way, no additional signal, recognised 
as reference event need to be generated on the net- 
work, so the effective bandwidth for data transmission 
is not decreased. The start of data frame is already re- 
covered by normal transmitter or receiver, no big modi- 
fications need to be done on such devices, it contributes 
to provide simple and cheap transceivers. The start of 
frame for transmitted frame and received frame are con- 
sidered as the same reference event, as the invention 
is not sensible to propagation delays. 
[0065] The invention moreover considers an informa- 
tion storage means, possibly completely or partially re- 
movable, which can be read by a computer or a proces- 
sor containing instructions of a computer program, char- 
acterised in that it allows either the implementation of 
synchronisation method or method of transferring or re- 
ceiving information as briefly set out above. 
[0066] The invention further considers an information 
storage means, possibly completely or partially remov- 
able, which can be read by a computer or a processor 
containing either data for the implementation of syn- 
chronisation method or method of transferring or receiv- 
ing information as briefly set out above. 
[0067] The invention also considers a computer pro- 
gram product loadable into a programmable device, 
comprising software code portions for performing the 
steps of the methods as briefly set out above, when said 
product is run on a programmable device. 
[0068] The invention also concerns a memory medi- 
um for storing a program to be executed in an apparatus 
for transferring information to a node of communication, 
the apparatus and the node connected respectively to 
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a communication network, each communication net- 
work being synchronised by exchanging a synchronisa- 
tion information between the apparatus and the node, 
the apparatus having a counter monitoring clock pulses 
of a clock, the program comprising: 

code for reading information representing the 
counted clock pulses at the appearance of a refer- 
ence event, 

code for inserting at least said information or calcu- 
lated information on the basis of said information 
into a frame as the synchronisation information, 
code for transferring said frame to the node. 

[0069] The invention is also related to a memory me- 
dium for storing a program to be executed in an appa- 
— ra tu s for r e co i vi noHBfoffrtat4en-from a-free^-the-trede - 
and the apparatus connected respectively to a commu- 
nication network, each communication network being 
synchronised by exchanging a synchronisation informa- 
tion between the node and the apparatus, the apparatus 
having a counter monitoring clock pulses of a clock, the 
program comprising: 

code for reading information representing the 
counted clock pulse at the appearance of reference 
event, 

code for reading synchronisation information insert- 
ed in received frame, 

code for calculating a difference between informa- 
tion, 

code for synchronising the network according to the 
results of the calculating means. 

[0070] Correlative^, the invention concerns a pro- 
gram stored in a memory medium in an apparatus for 
transferring information to a node of communication, the 
apparatus and the node connected respectively to a 
communication network, each communication network 
being synchronised by exchanging a synchronisation in- 
formation between the apparatus and the node, the ap- 
paratus having a counter monitoring clock pulses of a 
clock, comprising: 

code for reading information representing the 
counted clock pulses at the appearance of a refer- 
ence event, 

code for inserting at least said information or calcu- 
lated information on the basis of said information 
into a frame as the synchronisation information, 
code for transferring said frame to the node. 

[0071] The invention also concerns a program stored 
in a memory medium in an apparatus for receiving in- 
formation from a node, the nod and the apparatus con- 
nected respectively to a communication network, each 
communication network being synchronised by ex- 
changing a synchronisatbn information betwe n the 



w 



15 



20 



25 



SO 



35 



40 



45 



50 



55 



node and the apparatus, the apparatus having a counter 
monitoring clock pulses of a clock, comprising: 

code for reading information representing the 
counted clock pulse at the appearance of reference 
event, 

code for reading synchronisation information insert- 
ed in received frame, 

code for calculating a difference between informa- 
tion, 

code for synchronising the network according to the 
results of the calculating means. 

[0072] Correctively, the invention is relating to an ap- 
paratus for transferring information to a node of commu- 
nication, the apparatus and the node connected respec- 

ely to a communication network, each cor nn 
network being synchronised by exchanging a synchro- 
nisation information between the apparatus and the 
node, the apparatus having a counter monitoring clock 
pulses of a clock, the apparatus comprising: 

a processor for reading information representing 
the counted clock pulses at the appearance of a ref- 
erence event, 

and for inserting at least said information or calcu- 
lated information on the basis of said information 
into a frame as the synchronisation information, 
transferring means for transferring said frame to the 
node. 

[0073] Correlatively, the invention is related to an ap- 
paratus for receiving information from a node, the node 
and the apparatus connected respectively to a commu- 
nication network, each communication network being 
synchronised by exchanging a synchronisation informa- 
tion between the node and the apparatus, the apparatus 
having a counter monitoring clock pulses of a clock, the 
apparatus comprising: 

a processor for reading information representing 
the counted clock pulse at the appearance of refer- 
ence event, 

and for reading synchronisation information insert- 
ed in received frame, 

and for calculating a difference between informa- 
tion, 

synchronisation means for synchronising the net- 
work according to the results of the calculating 
means. 

[0074] On an other aspect, the invention concerns a 
method of transferring information from a first node to a 
second node, ach node connected respectively to a 
communication network, each communication network 
being synchronised by exchanging a synchronisation in- 
formation between the first and the second node, the 
first node having a counter monitoring clock pulses of a 
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clock, the method comprises the following steps execut- 
ed in the first node when a frame comprising data has 
to be sent from the first node to the second : 

obtaining information representing time in a com- 
munication network at a reference event, 
sending said frame with said information represent- 
ing time. 

[0075] On another aspect, the invention also con- 
cerns a method of transferring information from a first 
node to a second node, each node connected respec- 
tively to a communication network, each communication 
network being synchronised by exchanging a synchro- 
nisation information between the first and the second 
node, the first node having a counter monitoring clock 
pulses of a clock, the method comp ri ses t he following 
steps executed in the first node when a frame compris- 
ing data has to be sent from the first node to the second : 

obtaining information representing a duration be- 
tween the reference event of at least two frames, 
sending said frame with said information represent- 
ing a duration. 

[0076] Other characteristics and advantages will 
emerge during the following description, given solely by 
way of non-limitative example and made with reference 
to the accompanying drawings, in which: 

Figure 1 is a diagram illustrating the mechanism of 
the offset between two clocks of two communication 
nodes A and B, 

Figure 2 is a schematic view of a communication 
network according to a first aspect of the invention, 
including two serial communication buses connect- 
ed together by a radio bridge where synchronisation 
nodes are different from the radio bridge, 
Figure 3 is a schematic view of an interconnection 
node A constituting the radio bridge of Figure 2 t 
Figure 4 is a schematic view of an interconnection 
node B constituting the bridge depicted in Figure 2, 
Figure 5a illustrates schematically the principle of 
the synchronisation of the isochronous cycles be- 
tween the buses b A and b B , according to a first em- 
bodiment of the invention, 

Figure 5b depicts the algorithm of the synchronisa- 
tion method according to a first embodiment of the 
invention, implemented at the interconnection node 
A of Figure 3, 

Figure 5c depicts the algorithm of the synchronisa- 
tion method according to the first embodiment of the 
invention, implemented at the interconnection node 
B of Figure 4, 

Figure 6a illustrates schematically the principle of 
the synchronisation of the isochronous cycles be- 
tween the buses b A and b B , according to a second 
embodiment of the invention, 



Figure 6b depicts the algorithm of the synchronisa- 
tion method according to a s cond embodiment of 
the invention, implemented at the interconn ction 
node A of Figure 3, 
s - Figure 6c depicts the algorithm of the synchronisa- 
tion method according to a second embodiment of 
the invention, implemented at the interconnection 
node B of Figure 4, 

Figure 7 is a table representing the different refer- 
10 ence times at the interconnection nodes A and B 
depicted in Figures 3 and 4, and the corresponding 
reference periods, 

Figure 8 is a view of a communication network ac- 
cording to a third embodiment of the invention, us- 
15 ing a radio bridge 1 3 consisting of nodes A and B, 
Figure 9 depicts the algorithm of the synchronisa- 

ti o n me thod-accordi n g to a f i rst^mbediment-ef 4he 

invention, implemented at the node A of Figure 8, 
Figure 10a depicts an algorithm for the synchroni- 
sation method according to a first embodiment of 
the invention, implemented at the node B of Figure 
8, 

Figure 1 0b is a schematic view of the different func- 
tional blocks used for synchronising a clock signal 
H2 with respect to a clock signal H1 , 
Figure 1 1 is a general schematic view of a commu- 
nication network according to a fourth embodiment 
of the invention, using a radio bridge 92 consisting 
of nodes A and B, 

Figure 1 2 depicts an algorithm of the synchronisa- 
tion method according to a fourth embodiment of 
the invention, implemented at the node A of Figure 
11, 

Figure 13 is an algorithm of the synchronisation 
method according to a fourth embodiment of the in- 
vention, implemented at the node B of Figure 11. 

[0077] The invention is particularly effective in net- 
works consisting of serial communication buses in ac- 
cordance with IEEE 1 394 standard. 
[0078] The invention makes it possible for example to 
interconnect two serial communication buses in accord- 
ance with IEEE 1394 standard through a radio bridge. 
[0079] IEEE 1 394 standard defines a rapid serial con- 
nection which makes it possible to connect, to a bus in 
accordance with this standard, up to sixteen nodes or 
stations, and makes it possible to convey asynchronous 
and isochronous traffic over the bus. 
[0080] The bit rate which is specified by this standard 
is greater than or equal to 98.304 Mbit/s. 
[0081] Transmission of isochronous traffic over a 
1 394 serial communication bus is based on a network 
clock of 8 kHz which defines cycles with a duration of 
125 [is ± 12.5 ns during which ach node or peripheral 
connected to the bus can send isochronous data over 
the bus. 

[0082] Amongst all the nodes connected to the bus, 
one of them is considered to be a reference for all the 
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others and is referred to as the "cycle master". 
[0083] This synchronisation node denoted CM syn- 
chronises all the clocks of the other nodes with respect 
to its own clock. 

[0084] In a communication network consisting of two 
or more serial communication buses in accordance with 
IEEE 1394 standard, when several buses are connect- 
ed together by means of bridges, one of the synchroni- 
sation nodes CM amongst all the synchronisation nodes 
of all the buses is chosen as a reference for the entire 
network. 

[0085] This means that the clock of the reference 
node referred to as the "network cycle master" consti- 
tutes a reference clock for the entire network, the clocks 
of the synchronisation nodes of the other buses in the 
network then having to synchronise themselves with re- 
- s p e c t to t ho cl oc k-thereof- 



[0086] For a better understanding of the invention, the 
interconnection of two serial communication buses in 
accordance with IEEE 1394 standard and denoted b A 
and b B in Figure 2 by means of two interconnection 
nodes denoted A and B, connected together by a radio 
link, will be considered. 

[0087] When the interconnection nodes A and B are 
located at a distance from each other, they can, for ex- 
ample, represent two different data processing devices 
chosen from amongst the following devices: printer, 
server, computer, facsimile machine, scanner, video 
tape recorder, decoder (or set top box), television re- 
ceiver, telephone, audio/video player, camcorder, digital 
camera or digital photographic apparatus. 
[0088] It should be noted that nodes A and B could, 
as an alternative, be connected together by an optical, 
cable, etc link. 

[0089] According to the type of link, they are not nec- 
essarily placed at a distance from each other and can 
on the contrary constitute a single physical entity. 
[0090] These interconnection nodes or items of 
equipment form a radio bridge denoted 200 and inter- 
connect the two buses b A and b B which form a commu- 
nication network or a part of a communication network 
according to the invention denoted 202 (Figure 2). 
[0091] These interconnection nodes are, within the 
meaning of IEEE P 1394.1 standard, "portals". 
[0092] The bridge 200 provides the interface between 
the buses b A and b B , and the nodes A and B communi- 
cate with each other by means of respective radio an- 
tennae 204, 206. 

[0093] The bus b A is considered to be the "master" 
bus, whilst the bus b B is considered to be the "slave" 
bus. 

[0094] As depicted in Figure 2, several nodes are con- 
nected to the different buses b A , b B apart from the inter- 
connection nodes A and B. 

[0095] In fact the synchronisation node CM A consid- 
ered to be the "network cycle master" and the node 208 
capable of transmitting and receiving isochronous data 
are connected to the bus b A , whilst the synchronisation 



node CM B considered to be th "cycle master" of the 
bus b B and the isochronous node 210 are connected to 
the bus b B . 

[0096] As depicted in more detail in Figure 3, the in- 
5 terconnection node denoted A considered here to be the 
radio transmitter is connected to the serial communica- 
tion bus b A by connectors 212. 

[0097] The node A has a 1394 physical interface cir- 
cuit denoted 21 4 and a circuit 216 fulfilling the functions 
10 of the 1 394 physical layer and which checks, at a higher 
level, the asynchronous and isochronous flows and the 
resources of the bus b A . 

[0098] Such circuits are connected together by a bus 
218 and consist for example of a component PHY 
is TSB21LV03A and a component LINK TSB12LV01A 
sold by the company Texas Instruments. 

[0099] ^he-cnrctrit-214-contain s a r e gfster~21 4a~re^- 

ferred to as the "cycle time register", denoted CTR, in 
which there is contained the current value of the iso- 
20 chronous cycle peculiar to the bus b A . This current value 
is incremented at each clock pulse generated by the lo- 
cal clock or internal oscillator (CLK A ) of the interconnec- 
tion node A. 

[0100] When the node A is in operation, the circuit 214 
25 manages the information exchanges on the bus b A us- 
ing the access and arbitration protocols peculiar to IEEE 
1 394 standard. 

[0101] The node A also has a calculation unit CPU 
220, a temporary storage means of the RAM type de- 
30 noted 222 containing several registers denoted 222a to 
222c and a permanent storage means of the ROM type 
denoted 224. 

[01 02] The node A has a radio modem 226 connected 

by a bus 228 to a radio unit 230 which is equipped with 
35 the radio antenna 204. 

[01 03] A local bus denoted 232 connects the different 

elements of the node A together. 

[0104] The information exchanged on the bus b A is 

stored in a buffer area of the storage means 222. This 
40 buffer area will also be used during the transmission of 

information between the interconnection nodes A and B. 

[0105] Figure 4 depicts the interconnection node B in 

detail. 

[0106] The interconnection node B, considered here 
45 as the radio receiver, is connected to the serial commu- 
nication bus b B by connectors 234. 
[01 07] In a similar manner to that which has just been 
described for node A, node B has a 1 394 physical inter- 
face circuit denoted 240 connected by a bus 242 to a 
50 circuit fulfilling the functions of the 1 394 physical layer 
denoted 244, a calculation unit CPU denoted 246, a 
temporary storage means of the RAM type denoted 248 
containing several registers 248a and 248g, a perma- 
nent storage means 250 and a radio modem 252 con- 
S5 nected by a bus 254 to a radio unit 256 which is 
equipped with the radio antenna 206. 
[01 08] A local bus denoted 258 connects together all 
these elements. 
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[0109] As indicated in Figure 4, the physical int rface 
circuit 240 uses a clock or internal oscillator CLK B . 
[0110] The different elements of the interconnection 
node B operate identically to those of the interconnec- 
tion node A described above. Figure 5a depicts sche- 
matically the principle of the synchronisation of the iso- 
chronous cycles between the buses b A and b B accord- 
ing to a first embodiment of the invention. 
[01 11] Figures 5b and 5c describe respectively the al- 
gorithms representing the different steps of the method 
according to the first embodiment of the invention, which 
are implemented at the transmitting interconnection 
node A, in a computer program stored in the storage 
means 224, and, at the receiving interconnection node 
B, in a computer program stored in the storage means 
250 of node B. 

"[0112] A method according to the tirsi embodlmersroT 
the invention will now be described with reference to Fig- 
ures 2 to 4 and 5a to 5c. 

[01 1 3] The present invention uses the concept of ref- 
rence moment and reference event, the reference mo- 
ment identifying the appearance of a reference event at 
one of the nodes A and B. For example, the reference 
event considered is the start of a data frame transmitted 
between nodes A and B and the reference moment cor- 
responds to the moment when this frame starts. 
[0114] More precisely, the reference time at node A 
marks the time of the start of transmission of the data 
frame whilst the reference time of node B marks the time 
of the start of reception of this same data frame. 
[0115] Naturally, the reference time can correspond 
to any other event on which the transmitter and receiver 
must synchronise. In addition, these reference times do 
not necessarily appear periodically. Thus the present 
synchronisation method applies equally well to data 
frames of variable duration. 

[0116] It should be noted that the appearance of the 
reference events is not necessarily periodic. 
[01 1 7] Figure 5a depicts the cycle start signals at each 
bus b A and b B ("cycle start packet"), the contents of the 
cycle time registers CTR at the interconnection nodes 
A and B, the reference times tA and t'A corresponding 
respectively to the transmission start times of two con- 
secutive data frames at nodes A and B, and the refer- 
ence times t B and t' B of the starts of reception of the 
seme two consecutive data frames, at the interconnec- 
tion node B. 

[0116] At each isochronous cycle start, that is to say 
every 125 microseconds ±12 nanoseconds, the cycle 
master of the network CM A and the cycle master CM B 
of the bus b B transmit a cycle start signal over their re- 
spective serial communication buses. 
[011 9J^ These cycle start signals contain the value of 
the cycle time register CTR of each cycle master, this 
value being supplied by the internal clock of the cycle 
master which serves as a reference for all the nodes 
located on the bus under consideration. 
[0120] The cycle time register CTR represents the 



number of puis s N generated by the internal clock of 
the "cycle master" under consideration CM A or CM B . 
[0121] Thus the interconnection nodes A and B, as 
well as all the nodes locat d on the buses b A and b B , 

5 will read the content of the cycle start signals transmitted 
over the buses and will update, at each isochronous cy- 
cle start, their cycle time registers CTR contained, for 
nodes A and B, respectively in the circuits 214 and 240 
of Figures 3 and 4. The current value contained in their 

10 cycle time registers CTR is incremented at each clock 
pulse generated by the local clock or internal oscillator 
of the corresponding interconnection node. 
[01 22] An explanation will now be given of the way in 
which the reference times are determined with respect 

15 to the start of the data frame. 

[0123] When a data frame is transmitted by radio by 

a radio synchronisation preamble depicted in Figure 5a 
by shaded areas, followed by the useful data to be trans- 
20 mitted. These data, which are stored in the buffer area 
of the storage means 222 (Figure 3), are read by the 
radio modem 226. 

[0124] At the end of transmission of the radio synchro- 
nisation preamble, the interconnection node A gener- 
is ates a radio frame start signal denoted 258 in Figure 2 
which is intended for the calculation unit 220. 
[0125] The time of transmission of this radio frame 
start signal corresponds to the reference time denoted 

30 [0126] A description will now be given of the method 
of the synchronisation between the nodes CM A and 
CM B , according to the invention, as implemented, firstly, 
in the node A (Figure 5b) and then in node B (Figure 5c). 
[0127] As soon as this signal is received, in accord- 

35 ance with step E 1 of the method according to the inven- 
tion (Figure 5b), the calculation unit reads the content 
of the register CTR of the circuit 214 and stores a value 
read in a register called "CTRJocalA" and denoted 
222a of the storage means 222 (step E 2 ). 

40 [0128] This value, denoted N(t' A ), corresponds to the 
reference value representing the reference time t' A and 
represents a number of pulses emitted by the clock of 
the node CM A . 

[0129] This value corresponds to the current content 
45 of the cycle time register CTR of the interconnection 
node A regularly updated by the synchronisation node 
CM A when the cycle start signal is transmitted. 
[0130] It should be noted that, between two updates 
of the register CTR 21 4a taking place each time a cycle 
50 start signal is received by node A, the register is incre- 
mented at the rate of the local clock CLK A of node A. 
[01 31] However, there is no risk, at the reference time 
related to the transmission on a frame, of the value of 
the register CTR 214a not being the current value of the 
55 register CTR of the distant node CM A . 

[01 32] This is because the precision of the local clock 
of the interconnection node A means that, between two 
successive updates, following the reception of two cycle 
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start signals, the value of the register 21 4a remains per- 
fectly identical of th value of the cycle time register CTR 
of the node CM A . This condition would not be fulfill d if 
a cycle start signal were lost or received rroneously. 
[0133] It will be noted in Figure 5a that the reference s 
value N(t' A ) is marked on the axis corresponding to the 
values of the cycle time register CTR of the interconnec- 
tion node A by an arrow starting from the reference time 
t' A situated below. 

[0134] The radio frame start signal 258 also triggers 10 
the determination of a first "item of information" within 
the meaning of the present invention, and which repre- 
sents a difference between two reference times t' A and 
t A , t A being the reference time determined with respect 
to the data frame i-1 transmitted previously (see Figure is 
5a). 

-[0135] Mo r o p r oeioely, t h is first -jtenr of information-is 

determined by calculating the difference of the refer- 
ence values representing each of the reference times 
t' A and t A . 20 
[0136] Thus the difference is made between the con- 
tent of the register "CTRJocalA", which contains the ref- 
erence value N(f A ) and the content of the register called 
"Last_CTRJocalA" and denoted 222b in Figure 2 (step 

E 3 ). 25 

[01 37] This last register contains a reference value N 
(t A ) representing the previous reference time tA and 
which was stored previously. 

[01 38] This difference N(t' A )- N(t A ) is stored in the reg- 
ister called "Offset A" and denoted 222c in Figure 3. 30 
[01 39] It should also be noted that the recently deter- 
mined reference value, N(t' A ), is stored in the register 
"Last_CTR_localA" from the content of the register 
"CTRJocalA" in step E 4 . 

[0140] In accordance with step E 5 of the method ac- 35 
cording to the invention (Figure 5b) the radio modem 
226 of the interconnection node A reads the register 
"Offset A" 222c of the storage means 222 and inserts 
its content in the data frame i in the form of a message. 
[0141] The synchronisation method of the invention 40 
n xt includes a step E 6 of transmitting the content of the 
register 'Offset A" at the same time as the useful data 
of the data frame. 

[0142] The method according to the invention as im- 
plemented in node B and whose algorithm depicted in 45 
Figure 5c will now be dealt with. 
[0143] During an initialisation phase, the method ac- 
cording to the invention first of all makes provision for a 
step Ft of awaiting reception of a synchronisation signal, 
and then a step F 2 during which the value of the cycle so 
time register CTR denoted 240a in Figure 4 is stored in 
a register called "Last_CTRJocalB" and denoted 248b 
in this same figure. 

[0144] When the radio data frame i for which the ref- 
erence time t' A has been determined is received, the in- ss 
terconnection node B uses the radio synchronisation 
preamble of this frame in order to synchronise itself. 
[0145] As soon as the end of the radio synchronisa- 



tion preambl of this frame occurs, the interconnection 
node B generates locally a radio frame start signal d - 
noted 260 in Figure 4 and which is intended for the cal- 
culation unit 246. 
s [01 46] The time of appearance of the radio frame start 
signal 260 corresponds to the reference time t' B of the 
start of reception of the radio frame. 
[0147] The method according to the invention in- 
cludes a test step F 3 for determining whether the radio 
io frame start signal of the synchronisation signal has been 
received. 

[0148] The radio frame start signal received by the 
calculation unit 246 triggers the storage, in a register of 
the storage means 248 called "CTRJocalB" denoted 
is 248a, of the current value of the cycle time register CTR 
denoted 240a of the circuit 240 (step F 4 ). 
[0149] The-ctrrrerrt^val u e of thi s regist e r constitutes ar 
reference value representing the reference time f B and 
is denoted N(t' B ). 
20 [0150] The radio frame start signal also triggers the 
determination of a second "item of information", within 
the meaning of the present invention, and which repre- 
sents a difference between the two reference times t B 
and t B . 

25 [0151] The reference time t B indicated in Figure 5a 
corresponds to the time of reception by the interconnec- 
tion node B of the previous radio data frame i-1 . 
[01 52] More particularly, the determination of this sec- 
ond item of information is dependent on the calculation 
30 of the difference between the reference values repre- 
senting each of the reference times t' B and t B . 
[0153] In this way the difference is formed between 
the content of the register "CTRJocalB" which contains 
the reference value N(t' B ) and the content of the register 
35 "Last_CTR JocalB" denoted 248b in Figure 3 and which 
contains the reference value N(t B ) (step F 5 ). 
[0154] This difference or second item of information 
N(f B ) - N(t B ) is stored in the register "Offset B" denoted 
248c of the storage means 248. 
40 [01 55] It should also be noted that the content of the 
register "CTRJocalB" (N(t' B )) is stored in the register 
"Last_CTR JocalB" of the storage means 248 (step F 6 ). 
[0156] In addition, the interconnection node B ex- 
tracts from the useful data transmitted in the radio data 
45 frame i, coming from the interconnection node A, the 
message containing the value of the register "Offset A" 
denoted 222c (step F 7 ). 

[01 57] This value or first item of information (N(f A )- N 
(t A )) is stored in a register 248d of the storage means 
so 248 in Figure 4 and called "CTR_RX". 

[01 58] It should be noted that the first item of informa- 
tion determined represents the period elapsed between 
the two reference times t A and t A whilst the second item 
of information represents the period elapsed between 
ss the two r ference times t B andt' B (Figure 5a). The p riod 
between the refer nee times t A and t' A (or respectively 
ts and t' B ) forms what is termed a reference period. 
[0159] The synchronisation method according to the 



SDOCID: <EP 1052793A1 J_> 



11 



19 



EP 1 052 793 A1 



20 



first embodiment of the invention then makes provision 
for comparing with each other the first and second items 
of information determined above. 
[0160] To do this, the interconnection node B calcu- 
lates the difference between the content of the register 
°CTR_RX" and the content of the register "Offset B" of 
the storage means 248 (step F 8 ) and then stores this 
difference in another register of the temporary storage 
means 248 called "Offset" and denoted 248g. 
[0161] The result of this comparison is written (N(t' B )- 
N(t B )) - (N(t' A ) - N(t A )) and supplies the value of any off- 
set between the clocks of the synchronisation node CM A 
of the bus b A and the synchronisation node CM B of the 
bus b B . 

[0162] This offset is supplied as a number of clock 
pulses. 

[0163] — The step of comparison between the first and 
second items of information therefore makes it possible 
to check the frequency synchronisation between the two 
synchronisation nodes under consideration. 
[0164] Thus, when a value of the offset is thus derived 
from this comparison step, the interconnection node B 
informs the synchronisation node CM B of the bus b B of 
the value of this offset by means of a suitable adjustment 
message (step F 9 ). 

[0165] Following this message, the node CM B then 
makes a correction to the value contained in its cycle 
time register CTR in order to remain synchronised with 
the synchronisation node CM A . 

[0166] The node CM B then sends to all the nodes on 
the serial communication bus b B , including the intercon- 
nection node B, cycle start signals in order to synchro- 
nise the different clocks of the nodes with the clock of 
the node CM B . 

[0167] Figure 6a depicts schematically the principle 
of the synchronisation of the isochronous cycles be- 
tween the buses b A and b B according to a second em- 
bodiment of the invention. The same elements as those 
of Figure 5a are repeated in Figure 6a. 
[01 68] Figure 6b is an algorithm showing the different 
steps of the synchronisation method according to the 
s cond embodiment of the invention and which is im- 
plemented in a computer program stored in the storage 
means 224 of the interconnection node A. 
[0169] Figure 6c is an algorithm representing the dif- 
f rent steps of Jhe synchronisation method according to 
the second embodiment of the invention and which is 
implemented by a computer program stored in the stor- 
age means 250 of the interconnection node B. 
[0170] A description will now be given of the method 
of synchronisation between two synchronisation nodes 
CM A and CM B according to a second embodiment of the 
inventionjwith reference to Figures 2 to 4 and 6a to 6c. 
[0171] The method will firstly be described, as imple- 
mented in the interconnection node A (Figure 6b) and 
then in the interconnection node B (Figure 6c). 
[0172] When a radio data frame is transmitted by the 
interconnection node A, the radio modem 226 reads the 



data to be transmitted in a buffer area of the storage 
means 222. 

[0173] The interconnection node A firstly sends a ra- 
dio synchronisation preamble and then, secondly, 
5 sends useful data to be transmitted to the interconnec- 
tion node B. 

[0174] When the synchronisation preamble ends, the 
interconnection node generates a radio frame start sig- 
nal 258 (Figure 3). 
io [0175] The end of this radio frame start signal identi- 
fies a reference time denoted t A which is fixed with re- 
spect to the clock of the interconnection node A syn- 
chronised by theclockof the synchronisation nodeCM A . 
[0176] On reception of this radio frame start signal 
is (step G-| of Figure 6b), the calculation unit 220 reads the 
content of the CTR register 214a of the circuit 214 (step 
G 2 ) and sto r es t he va l ue i n the re gi st er "CTRJocalA" 
denoted 222b of the storage means 222. 
[0177] This reference value denoted N(t A ) represents 
the reference time t A and represents the number of puls- 
es generated by the clock of the synchronisation node 
CM A . 

[01 78] Saving the reference value N(t A ) in the register 
"CTRJocalA" corresponds to step G3 of the algorithm 
depicted in Figure 6b. 

[0179] When the radio data frame i-1 is transmitted, 
the radio modem 226 of the interconnection node A 
reads the register "CTRJocalA" and inserts the refer- 
ence value N(t A ) in the data frame (step G 4 ). 
[01 80] The radio frame is then transmitted to the radio 
unit 230 in order to be amplified therein and to undergo 
a frequency transposition before being sent by means 
of the radio antenna 204 (step G 5 ). 
[0181] The synchronisation method implemented at 
the interconnection node B then carries out an initialisa- 
tion step by fixing a variable N at 1 (step H 1 ). 
[0182] When the radio data frame i-1 is received by 
the interconnection node B, its radio modem 252 writes 
the data received in a data buffer area in the storage 
means 248. 

[01 83] The interconnection node B carries out a radio 
synchronisation step using the radio synchronisation 
preamble present at the start of the framed received. 
[0184] At the end of the synchronisation preamble, 
the node B generates a radio frame start signal 260 
making it possible to identify a reference time t B (Figure 
6a). 

[01 85] After an initialisation step H-, , where a variable 
N is set to 1 , as soon as this radio frame start signal is 
received (step H 2 of figure 6) the calculation unit 246 
reads the content of the cycle time register CTR 240a 
of the circuit 240 (step H 3 ) containing a reference value 
denoted N(t B ) which represents the reference time t B . 
[0186] The calculation unit 246 then stores the value 
read in a register "CTRJocalB" denoted 248a of the 
storage means 248 (step H 4 ). 

[0187] In accordance with steps H5 and H6 of the al- 
gorithm depicted in Figure 6c, at the time of reception, 
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the radio modem 252 reads, in the data frame received, 
the specific synchronisation message sent by the inter- 
connection node A and stores it in a register called 
"CTFLRX" denoted 248d of the storag means 248. 
[0188] The calculation unit 246 then determines a first 
"item of information" within the meaning of the invention 
which represents a difference between the reference 
times t A and t B by calculating the difference between the 
content of the registers "CTR_RX" and "CTRJocalB". 
[0189] By proceeding thus, the calculation unit forms 
the difference between the two reference values N(t B ) 
and N(t A ) identifying the two reference times t B and t A 
(step H 7 ). 

[0190] This first item of information is then stored by 
the calculation unit 246 in a register "Offset m" denoted 
248e in Figure 3 (steps H 9 and H 10 ). 
— {0194J^^e va4ue ^^ be4n^equaHo-ene r step 
followed by step H9, step H9 saving the difference cal- 
culation result of step H7 into a register called shift m 
and incrementing the value of N. 
[0192] On reception of the following data frame i, the 
reference values contained in the registers 
n CTRJocalB B and "CTR_RX" are updated by new val- 
ues, respectively N(t' B ) and N(t' A ). 
[0193] These new reference values represents refer- 
ence times t' B and t' A determined from the same data 
frame i, consecutive on the first i-1 , and transmitted from 
the interconnection node A to the interconnection node 
B. 

[0194] The algorithm of Figure 6c then includes steps 
H 2 to H 7 during which there is determined a second 
"item of information" within the meaning of the invention 
which represents a difference between the two refer- 
ence times t A and t' B , this second item of information 
corresponding in fact to the difference between the two 
reference values N(t' B ) and N(t' A ) which identify the two 
reference times f B and t' A . 

[0196] From the second received frame, N will be dif- 
ferent from 1 so step H8 will be followed by step H10. 
On that step, the difference calculation result of step H7 
will be stored in a register called shift m+1 . A difference 
calculation will be made by the calculation unit 246 on 
the content of registers shift m et shift m+1 at step H11 
and result will be stored at step H12 in the offset 
register248g of the storage means 248 of Figure 3. This 
difference is expressed by the formula N(t B ) - N(t A )- (N 
(t' B >- N(f A )). 

[01 96] Step H 1 2 is followed by step H 1 3 which consist 
in replacing the content of register shift m by the content 
of register shift m+1. 

[0197] The content of this register 248g supplies a val- 
ue of the offset, counted as a number of clock pulses of 
the synchronisation node CM A , between the duration of 
an isochronous cycle of the bus b A and that of an iso- 
chronous cycle of the bus b B . 
[0198] When an offset is detect d, the calculation unit 
246 of the interconnection node B generates an adjust- 
ment messag from this value of the offset and will stor 
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it in a data buffer area of the storage means 248. 
[0199] The calculation unit then requests, at step H14, 
the circuit 244 to send this adjustment message over 
the bus b B to the synchronisation node CM B (step H 14 ). 
[0200] The synchronisation node of the bus b B inter- 
prets the adjustment message and corrects the frequen- 
cy of transmission of its cycle start signals accordingly 
in order to propagate the synchronisation of the iso- 
chronous cycle between the two buses b A and b B . 
[0201] In general terms, the offset corrections are ef- 
fected in a manner which depends on the type of net- 
work interconnected by the radio bridge. 
[0202] For example, in a case of a serial communica- 
tion bus in accordance with IEEE 1394 standard, the 
corrections can be reflected by reducing or increasing 
the duration of the isochronous cycle on a single ocea- 
ns ton -or d istri b u te d over^everalisochTonous cyctes: 

[0203] The distribution of the correction over several 
isochronous cycles may be dictated for example by 
technical constraints: the impossibility of correcting 
more than one clock pulse by isochronous cycles, or the 
need to avoid an abrupt variation in the duration of a 
given isochronous cycle. 

[0204] It can even be envisaged to wait before making 
a correction in order for example to be able to benefit 
from an automatic compensation at certain buses in the 
network according to modifications which are contrary 
with respect to each other. 

[0205] It will be noted that Figure 7 supplies a table 
indicating, for the different data frames i transmitted 
from node A to node B,with» = 0, 1, ...,7, the different 
reference times, t A , t B (t A < 0 >, t^ 0 *), t' A , f B t A <7>, \ B <7) y ... 
and the reference periods considered with respect to the 
given reference times. 

[0206] Advantageously, in this second embodiment of 
the invention, the loss of a data frame or the fact that it 
is incorrectly received do not prevent, as is the case with 
the first embodiment, the detection of the offset between 
the synchronisation nodes CM A and CM B . 
[0207] This is because the table of Figure 7 indicates 
that the reference periods are considered, for the frames 
i = 0 and i = 1, between the reference times t A and t' A 
(node A), t B and t' B (node B), and for the frames i = 1 
and i = 2, between the reference times t A and t" A (node 
A), t' B and t' B ' (node B). 

[0208] On the other hand, It will be noted that the ref- 
erence value N(t A < 3 )) corresponding to the reference 
time t A ( 3 ) is not received by the node B, the correspond- 
ing field of the frame i = 4 being for example affected by 
a transmission error. 

[0209] Because of this, the reference period under 
consideration cannot take into account this reference 
time, but rather the following one: t A < 4 >. 
[0210] Thus the reference period considered is de- 
fined between the times t" A and t A < 4 > (node A) and be- 
tween the times f B and t B < 4 > (node B). 
[0211] In this case, the items of information compared 
with each other for this reference period will be N(f B ) - 
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N(t" A ) and N(t B < 4 >) - N(t A ( 4 >). 

[0212] This amounts to increasing the refer nee peri- 
od in order to take account of any offsets, which have 
occurred, between the reference times t° A and t A < 4 >. 
[0213] Thus the correction related to the reference s 
times t A < 3 ) will automatically be taken into account at the 
next calculation, even if the transmitted data frame i = 4 
Included errors. 

[0214] Because of this, by virtue of the second em- 
bodiment of the invention, no information on the offset 10 
between the synchronisation nodes CM A and CM B is 
lost. 

[0215] Likewise, according to this table, if the refer- 
ence time t B < 5 > is lost and if the node B cannot decode 
the reference values corresponding to the reference 1$ 
times t A < 5 > and t A ( 6 >, then the reference period under 
"consideration will be extended and defined between the 
times t A < 4 > and t A (7) (node A) and t B < 4 ) and t B <7) (node B). 
[0216] As a variant, it will be noted that the fact of 
transmitting, not as indicated with reference to Figures 20 
1 to 4 a first item of information N(t' A )- N(t A ) representing 
the period between the reference times tA and f A of the 
node A to the node B, but solely the reference values N 
(t A ) and N(t' A ) in isolation, from the node A to the node 
B, also makes it possible to determine the information 25 
N(t* A ) - N(t A ) at the node B and to compare this with the 
other information also determined at the node B, N(t' B ) 
- N(t B ), in order to reach to the same results as during 
the description of the first embodiment of the invention. 
[0217] It will be noted that N(f B ) - N(t' A )- (N(t B ) - N(t A )) &> 
is equal to N(t' B ) - N(t B ) - (N(f A )- N(t A )), which shows 
that the two embodiments lead to the same calculation 
of offset. 

[0218] In addition, it should be noted that, from the 
results obtained in the table of Figure 7, which are there- 3S 
fore available at the node B, all the possible calculations 
between the different reference values contained in this 
table can be envisaged. 

[0219] Moreover, the invention makes it possible to 
check the synchronisation between the synchronisation 40 
nodes CM A and CM B even if the data frames have var- 
iable duration. 

[0220] It should be noted that the present invention 
makes it possible to check the synchronisation of sev- 
eral nodes connected to different serial communication 
buses with respect to the "Master" node where the latter 
is capable of broadcasting information to the nodes to 
be synchronised. 

[0221] This applies particularly when the nodes com- 
municate with each other by radio or optical link. so 
[0222] It should also be noted that, in a communica- 
tion network according to the invention, it is possible to 
provide for a node in the network which is dedicated to 
generating a reference event common to all the nodes. 
The existence of this node makes it possible to us the 55 
invention when the reference events generated by the 
nodes to be synchronised are not sufficiently frequent 
or even when these events are non-existent (the nodes 



to be synchronised cannot be generat d from the refer- 
ence events by themselves). 

[0223] In a third embodiment of the invention, the 
nodes or stations A and B constitute the cycle masters 
of the respective buses 10 and 12. 
[0224] The bus denoted 10 is considered to be the 
"master" bus, whilst the bus denoted 12 is considered 
to be the "slave" bus. 

[0225] It will be noted that an internal oscillator or 
clock denoted CLK1 generates a clock signal denoted 
H1 at the master bus and an internal oscillator or clock 
denoted CLK2 generates, at the slave bus, a clock sig- 
nal denoted H2. 

[0226] Each of the internal oscillators or clocks has a 
frequency equal to 24.576 MHz with a tolerance of 100 

"[0227] OrrFigure 8, the node "denoted" A~consider-ed — 
to be the radio receiver is connected to the serial com- 
munication bus 10 by connectors 14. 
[0228] The node denoted B and considered to be the 
radio receiver is connected to the serial communication 
bus 12 by connectors 16. 

[0229] The node A has a 1 394 physical interface cir- 
cuit denoted 1 8 and a circuit fulfilling the functions of the 
1 394 link layer denoted 20. 

[0230] Such circuits consist for example of a compo- 
nent PHY TSB21 LV03A and a component LINK 
TSB12LV01 A sold by the company Texas Instruments. 
[0231] The node A also has a calculation unit 22, a 
temporary storage means of the RAM type denoted 24, 
containing several registers denoted 24a to 24c, and a 
permanent storage means denoted 26. 
[0232] As depicted in Figure 8, the node A has a radio 
modem 28 connected to a radio unit 30 which is 
equipped with a radio antenna 32. 
[0233] A local bus denoted 34 connects the different 
elements of the node A together. 
[0234] In a similar fashion to that which has been de- 
scribed for the node A, the node B has a 1 394 physical 
interface circuit denoted 36, a circuit fulfilling the func- 
tions of the 1 394 physical layer denoted 38, a calculation 
unit CPU denoted 40, a temporary storage means of the 
RAM type denoted 42 containing several registers 42a 
to 42e, a permanent storage means 44 containing a reg- 
ister 44a and a radio modem 46 connected to a radio 
unit 48 which is equipped with a radio antenna 50. 
[0235] A local bus denoted 52 connects all these ele- 
ments together. 

[0236] As indicated in Figure 8, each physical inter- 
face circuit 1 8 for the node A and 36 for the node B func- 
tions with a clock or internal oscillator, CLK1 for node A 
and CLK2 for node B. 

[0237] Figures 9 and 10a illustrate respectively the 
different steps of the method according to the third em- 
bodiment of the invention which are implemented at the 
transmitter node A and receiver node B. These figures 
depict different instructions of a computer program 
stored, for the algorithm of Figure 9, in the storage 



14 



25 

means 26 of th node A and, for the algorithm of Figure 
10a, in the storage means 44 of the node B. 
[0238] The method according to the third embodiment 
of the invention will now be described with reference to 
Figures 8 to 1 0b. 

[0239] In the1394 physical interface circuit denoted 
1 8 of the node A, a counter is incremented continuously 
with the internal oscillator or clock CLK1 . 
[0240] The size of this counter is K bits and its period 
is therefore 2 K . 

[0241] The present invention uses the concept of ref- 
erence time and reference event, the reference time 
identifying the appearance of a reference event at one 
of the nodes A and B. For example, the reference event 
under consideration is the start of a data frame trans- 
mitted between nodes A and B, and the reference time 

—correspon ds to t ho t i m o-when-tt^s-frame-starte: — 

[0242] More precisely, the reference time at the node 
A marks the time of the start of transmission of the data 
frame whilst the reference time of the node B marks the 
time of the start of reception of this same data frame. At 
each node the reference times are determined in a time 
reference frame peculiar to the node under considera- 
tion from the internal clock of said node by means of a 
counter. 

[0243] It should be noted that, if the clocks CLK1 and 
CLK2are perfectly synchronous (same frequency), then 
the contents of the counters determining the two refer- 
ence times will have a shift which will remain constant 
over time. 

[0244] If on the other hand the clocks are not synchro- 
nous, then the shift between the contents of the counters 
mentioned above will no longer be constant, and the 
present invention is based on the variation in this shift 
in order to measure the deviation between the clocks 
CLK1 and CLK2. 

[0245] Naturally, the reference time can correspond 
to any other event on which the transmitter and receiver 
must synchronise. 

[0246] It should be noted that the appearance of the 
reference events is not necessarily periodic. 
[0247] I n order to detect the start of a data frame, both 
in the node A and in the node B, the radio modems of 
ach node, denoted respectively 28 and 46, use appro- 
priate synchronisation sequences. For example, a se- 
quence known to the transmitter and receiver is added 
at the start of each data frame. The receiver can thus, 
by applying an automatic correlation method to this 
known sequence, determine the start of the frame. 
[0248] When the start of a frame is detected at each 
node, a signal 62 (node A), 64 (node B) is sent to the 
calculation unit CPU, respectively 22 (node A), 40 (node 
B), this signal indicating a reference time (Figure 8). 
[02 '9] After the step S 1 of figur 9, each time a refer- 
ence time is determined for example at the node A (step 
S 2 ), the reference time being denoted tA, the content of 
the counter in the 1 394 physical interface circuit denoted 
18 is saved in a register denoted 24a of the temporary 
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storage means 24 of Figure 8. 

[0250] The above content of this register 24a is trans- 
ferred into a second r gister 24b of the storage m ans 
24 (step S 3 ). 

5 [0251] The two registers thus make it possible to save 
the value of the counter in the 1 394 physical interface 
circuit 1 8 at the last two reference times, for example 
denoted tA and tA', which both correspond to the time 
of start of transmission of two consecutive data frames. 

io [0252] To each given reference time there corre- 
sponds a given reference value which represents the 
reference time. This reference value is stored in one of 
the registers 24a, 24b of the temporary storage means 
24 of Figure 8. 

15 [0253] It should be noted that each reference value 
stored in the registers 24a and 24b corresponds, for ex- 
amp!e,^to~a number of clock pulses emitted by the cfock ; 
CLK1 calculated modulo 2 K . 

[0254] All the operations (addition, subtraction, count- 
20 jng) are performed modulo 2 raised to the power of the 
size of the corresponding registers or counters. In addi- 
tion, it is assumed that the result of the subtraction con- 
tains a sign bit. 

[0255] After the transfer of the content of the register 
25 24a to the register 24b (step S 3 ) and of the content of 
the counter to the register 24a (step S 4 ), the difference 
between the reference values stored in these two reg- 
isters is determined (step S 5 ). This difference corre- 
sponds to a first item of information representing an 
50 elapsed period of time, at the node A, between the ref- 
erence times tA and tA". 

[0256] This first item of information is stored in the 

register denoted 24c in Figure 8. 

[0257] This register therefore contains the duration of 
35 a reference period counted in numbers of pulses of the 

clock or internal oscillator CLK1 . 

[0258] The first item of information representing the 

time elapsed between the two reference times tA and 

tA' and which is stored in the register 24c is transmitted 
40 from the node A (transmitter) to the node B (receiver) 

using the data frame transmitted as from the reference 

time tA' (step S 6 ). 

[0259] The transmission step is performed by the ra- 
dio equipment consisting of the elements 28, 30 and 32 

45 of the node A, whilst the reception step at the node B 
uses the elements 46, 48 and 50 of said node B. 
[0260] In a similar way to that which was described 
for the node A (the transmitter), a second item of infor- 
mation representing a time elapsed between two refer- 

50 ence times tB and tB' is then calculated at the node B 
(the receiver). 

[0261] These two reference times tB and tB' corre- 
spond to the reception times of the start of the data 
frames transmitted by the node A and for which the ref- 
55 erence times t A and tA' were determined at said node A. 
[0262] In the device 36 of the node B, a counter is 
incremented continuously with the internal oscillator or 
clock CLK2. 
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[0263] The size of this counter is K bits and its period 
is therefore equal to 2 K . 

[0264] After the step T, (Figure 1 0a), each time a ref- 
erence time tB or tB' is determined (step T 2 ), as indicat- 
ed above, a reference value representing this reference 
time is stored in the register 42a of the temporary stor- 
age means 42 of Figure 8. 

[0265] Thus the reference value corresponding to the 
reference time tB is stored in the register 42a and then 
transferred into the register 42b (step T 3 ) when the sec- 
ond reference time tB' is determined (step T 2 ) and when 
the corresponding reference value is transferred from 
the counter in the 1394 physical interface circuit 36 into 
th register 42a (step T 4 ). 

[0266] The second item of information representing 
the time elapsed between the two reference times tB 
"and tB" is determined (step-T 5 ), and the difference 
formed between the two reference values stored in the 
r gisters 42a and 42b and identifying the two reference 
times tB and tB' is then stored in a register 42c of the 
storage means 42 of Figure 8. 

[0267] It should be noted, there also, that each refer- 
ence value contained in one of the aforementioned reg- 
isters corresponds to a number of clock pulses which 
are emitted by the clock or internal oscillator CLK2 of 
the node B. 

[0268] It should be noted that the reference event as- 
sociated with a data frame received by the node B (re- 
ceiver) corresponds at this node to the time of the start 
of reception of said data frame. 

[0269] The first item of information stored in the reg- 
ister 24c is received by the node B (step T 6 ). 
[0270] If on the other hand no information is received 
by the node B, then the method according to the inven- 
tion makes provision for once again starting to await re- 
ception of information transmitted by the node A with a 
data frame. 

[0271] It makes possible to make a comparison be- 
tween the first and second items of information (step T 7 ). 
[0272] If the number of clock pulses is denoted N, the 
first and second items of informations are written re- 
spectively N (tA') - N (tA) and N (tB') - N (tB). 
[0273] Any difference which can be detected between 
these two values represents the number of deviation 
clock pulses between the oscillators or clocks CLK1 or 
CLK2 during the reference period considered. 
[0274] It is thus possible, knowing the deviation be- 
tween the clocks CLK1 and CLK2 during the reference 
period, to correct the frequency of the signal H2 in order 
to keep it synchronous with H1. 

[0275] If a difference is detected between these first 
and second items of information, the result obtained (the 
deviation) is added to the content of a register denoted 
42d of the temporary storage means 42 of Figure 8 (step 
T 8 )- 

[0276] This register 42d contains the total of the dif- 
ferent deviations m asured during all the reference pe- 
riods which have been taken into account. 



[0277] When two items of information or refer nee pe- 
riods each representing the rate of the clock of th node 
under consideration are compared with each other, as 
just explained, the number of significant bits of the dif- 
5 ference between these dep nds on the deviation be- 
tween the two clocks and the duration of the reference 
period. 

[0278] For example, two oscillators are taken whose 
clock frequencies are respectively 24.576 MHz - 100 
10 ppm and 24.576 MHz + 1 00 ppm and a reference period 
of 1 ms, the difference detected between the two refer- 
ence periods is approximately five clock pulses, which 
can be coded using three bits. 

[0279] Thus the sizing of the registers at 1 byte, where 
is one bit will be reserved for the sign, seems to be a suf- 
ficient choice. 

[0280] — This sizing of the-regtster^cencems the-regis— 

ters denoted 24c, 42c and 42d of Figure 2a. 

[0281] The optimisation of the size of these registers 

20 and particularly of the register 42d is important given 
that it defines the bandwidth needed for transmitting the 
data over the radio link between nodes A and B. 
[0282] Normally, when no deviation exists between 
the internal clocks CLK1 and CLK2, the first and second 

25 items of information each representing the time elapsed 
between the two reference times respectively t A, tA* and 
tB, tB 1 are equal. 

[0283] However, when a deviation exists and a value 
is recorded in the register 42d, then a correction is nec- 
30 essary. 

[0284] The purpose of this correction is to keep the 
frequency of the clock signal H2 more or less constant 
compared with the frequency of the clock signal H1 . 
[0285] It should be noted that, in this case, it is the 
35 clock signal H1 which is the reference. 

[0286] The signal H2 can of course also constitute a 
reference with respect to which the clock signal H1 
would be corrected. 

[0287] The method according to the invention makes 

40 provision, in the event of a correction, for shortening or 
lengthening one or more periods of the clock signal H2 
by a period equivalent to the number of clock pulses 
which are contained in the register 42d, and which rep- 
resent the deviation noted between CLK1 and CLK2. 

45 [0288] The distribution of the correction over several 
periods may be dictated, for example, by technical con- 
straints: the impossibility of correcting more than one 
clock pulse per period, or the necessity of avoiding an 
abrupt variation in a given period. 

50 [0289] It can even be envisaged waiting before effect- 
ing a correction in order, for example, to be able to ben- 
efit from an automatic compensation at certain buses in 
the network vis-a-vis the changes. 
[0290] Figure 10b is a functional diagram illustrating, 

55 as example, th correction of the clock signal H2 with 
respect to the clock signal H 1 when a deviation between 
the clocks or oscillators CLK1 or CLK2 is detected. 
[0291] As depicted in Figure 1 0b , the clock signal H2 
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corr cted or synchronised according to the method of 
the invention is generated from the clock or oscillator 
CLK2 using a count r denoted 80. 
[0292] The period of this counter is fixed by loading a 
value M' contained in the temporary storage means 42 
of Figure 8 . 

[0293] This value M' is an integer which corresponds 
to the division factor of the frequency of the clock CLK2 
in order to obtain the frequency of the corrected or syn- 
chronised clock signal H2. 

[0294] Moreover, another register denoted 82 con- 
tains the nominal division factor M between the frequen- 
cies of the clock CLK2 and of the clock signal H2 before 
correction. 

[0295] In addition, the register 42d depicted on the left 
in Figure 1 0b contains the total deviation denoted Ac be- 

tween th e c l ock s or o s c i l l ators CLK1 and C y<2- 

[0296] Thus the period of the counter 80 is corrected 
with the total deviation A<, supplied by the register by 
means of the following formula: M' = M + A c . 
[0297] It should be noted that this deviation ^ can be 
of positive or negative sign. When the deviation is of 
positive sign, M' will be equal to M plus the absolute val- 
ue of A^ The period of the counter 80 will then be in- 
creased, and the frequency of H2 will be decreased. 
[0298] When the deviation is of negative sign, M' will 
be equal to M minus the absolute value of A c . The period 
of the counter 80 will then be decreased and the fre- 
quency of H2 will then be increased. 
[0299] For the total deviation \ to be taken into ac- 
count in the correction of the period of the counter, it is 
necessary for this deviation to be kept in the register 42d 
until the end of the current period of the counter. The 
register 42d has then to be reset to zero during the fol- 
lowing period, and before the end thereof in order to 
avoid the same deviation being corrected twice. 
[0300] If the correction of the deviation must be dis- 
tributed over several periods, an intermediate register 
is necessary for containing the correction to be made to 
each period. After each correction, the register 42d con- 
taining the total deviation is decremented accordingly. 
The corrections are then made until the content of the 
register 42d is nil. 

[0301] Figure 11 illustrates a fourth embodiment of the 
invention. 

[0302] In thi| figure, the elements, which are not mod- 
ified with respect to those of Figure 8, keep the same 
references as in the latter 

[0303] As depicted in Figure 11, the communication 
network according to the invention has a radio bridge 
denoted 92 which interconnects the serial communica- 
tion buses in accordance with IEEE 1394 denoted 10 
and 12 and serves, in some way, as an interface be- 
tween them. 

[0304] The bridge 92 has two stations or nodes de- 
noted A and B and which are respectively a radio trans- 
mitter (node A) and a radio receiver (node B). 
[0305] Th se nodes A and B are distinguished from 
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those of Figure 8 by their permanent and temporary stor- 
age means. 

[0306] The node A has a temporary storage means 
RAM denoted 94 including a register 94a and a perma- 
5 nent storage means ROM denoted 96. 

[0307] The permanent storage means 96 contains the 
computer program, the various instructions of which cor- 
respond to the steps of the method according to the sec- 
ond embodiment and which is implemented at the trans- 
it mitter (node A). 

[0308] The algorithm corresponding to this computer 
program is depicted in Figure 12. 
[0309] In addition, the node B has a temporary stor- 
age means denoted 98 including the registers 98a to 
*s 98e and a permanent storage means ROM denoted 1 00 
and which includes a register 100a. 

[0 3 10] This storage me ans tQO afsacontains thexlif^-— 

ferent instructions of the computer program making it 
possible to implement the method according to the 
20 fourth embodiment at the receiver (node B). 

[0311] The algorithm corresponding to this computer 
program is depicted in Figure 13. 
[0312] As indicated above, each of the nodes A and 
B has a 1 394 physical interface circuit, a circuit fulfilling 
25 the functions of the 1 394 connecting layer, a calculation 
unit, a radio modem connected to a radio unit which is 
equipped with a radio antenna, and a local bus connect- 
ing together the various elements of said node. 
[031 3] The method according to a fourth embodiment 
30 of the invention will now be described with reference to 
Figures 11 to 13. 

[0314] At the device 18 of the node A, as depicted in 
Figure 11, a counter is incremented continuously with 
the internal oscillator or clock CLK1 . 
35 [0315] Everything stated previously with reference to 
Figures 8 to 10, concerning notably the reference times, 
the reference events and the reference values, remains 
valid for this second embodiment. 
[0316] The reference times are determined in the 
40 same way as indicated above with reference to Figure 8. 
[0317] Thus, after the step (Figure 12), each time 
a reference time is determined at the node A (step U 2 ), 
the reference time being denoted tA, the content of the 
counter in the 1 394 physical interface circuit 18 is saved 
45 in the register 94a of the temporary storage means 94. 
[0318] To each given reference time there corre- 
sponds a given reference value which represents said 
reference time and which is for example equal to a 
number of clock pulses N emitted by the clock or internal 
so oscillator CLK1. 

[031 9] After storage of the reference value contained 
in the counter in the register 94a (step U 3 ), the method 
includes a step of transmitting a data frame containing 
the reference value stored in this register (step U 4 ) and 
55 th transmitting nod A then awaits a new refer nc 
time t A ' (step U 2 ). 

[0320] In a similar fashion to that which was described 
with reference to Figure 8, the transmission step is made 
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by the radio equipment consisting of the elements 28, 
30 and 32 of node A, whilst the reception step at node 
B us s the elements 46, 48 and 50 of said node B. 
[0321] In the device 36 of node B, a counter 104 is 
incremented continuously with the clock signal H2 issu- s 
ing from the internal oscillator or clock CLK2. 
[0322] After the step V t of Figure 1 3 of initialising the 
variable i to the value 0, each time a reference time, and 
more particularly the start of a frame, is determined (step 
V 2 ) as indicated above, a reference value representing io 
this reference time is stored in the register 98a (step V 3 ) 
of the temporary storage means 98 of Figure 11 . 
[0323] The method according to the invention imple- 
mented at the receiver (node B) makes provision, in ac- 
cordance with step V 4 (Figure 13), for an operation of *5 
verifying the reception of the content of the register 94a 
by the node a, or in oiher words, the content of register 
94a transmitted by the radio frame. 
[0324] On the assumption that the node B receives 
the content of this register 94a, then step V 4 is followed 20 
by a step V 5 during which the difference A(i) between 
the reference values or number of clock pulses con- 
tained in the received frame is formed. 
[0325] This difference constitutes an item of informa- 
tion representing the difference between the reference 25 
times tA identifying the start of transmission of the frame 
i at the node A and the reference time tB identifying the 
start of reception of the frame i at the node B. 
[0326] This information constitutes an item of informa- 
tion within the meaning of the invention. 30 
[0327] This first item of information represents a shift 
between the clocks CLK1 and CLK2 which is saved in 
the register 98b of the temporary storage means 98. 
[0328] If no shift has been calculated before, the var- 
iable i is then equal to zero (step V 6 ) and this shift con- 35 
stitutes a reference shift denoted A(0), which will be 
used subsequently, at the time of determination of the 
correction necessary for synchronising the clocks with 
each other. 

[0329] in accordance with step V 7 of the method (Fig- 40 
ure 1 3), the shift A(0) is stored in the register 98c of the 
temporary storage means 98. 

[0330] Step V 7 is then followed by step V 8 , during 
which the variable i is incremented and the receiving 
node B awaits a new reference time in accordance with 45 
step V 2 . 

[0331] Conversely, if i is different from 0, then the shift 
which has just been calculated A(i) is compared with the 
reference shift A(0) (step V 9 ). 

[0332] In accordance with this case, the difference A so 

(0) (N(tB) - N(tA)) constitutes a first item of information 
within the meaning of the invention and the difference A 

(1) ((N(t B <»)) - N(t A W)) constitutes a second item of infor- 
mation. 

[0333] The comparison between the first and second 55 
items of information makes it possible to detect any de- 
viation between the internal oscillators or clocks CLK1 
and CLK2. 



[0334] This difference between the first and second 
items of information supplies the number of deviation 
clock pulses between the internal oscillators or clocks 
CLK1 and CLK2 between the two reference times. 
[0335] This value of the deviation is then transferred 
to the value contained in the register 98d (step V 10 ) of 
the temporary storage means 98. 
[0336] This register contains the total of the deviations 
measured previously between the two clocks CLK1 and 
CLK2. 

[0337] The content of the register 98d represents the 
correction which is to be made to the clock signal H2 in 
order to be synchronised with respect to the clock signal 
H1. 

[0338] Step V 10 is then followed by step V 8 , during 
which the variable i is incremented and, in accordance 
w i th what has al r ea d y bee n stated above, the recefver 
(node B) awaits a new reference time (step V 2 ). 
[0339] Returning to step V 4 , if the test carried out dur- 
ing this step shows that the node B has not received the 
content of the register 94a, this means for example that 
the corresponding data frame denoted i is lost or incor- 
rectly received. 

[0340] In this case, the receiver (node B) awaits the 
following reference time (steps V t1 and V 12 ) in order to 
store a new reference value corresponding to the fol- 
lowing reference time (step V 3 ). 
[0341] It will be noted that Figure 7 supplies a table 
indicating, for different data frames i transmitted from 
node A to node B, with i = 0, 1, .... 7, .... the different 
reference times t A , t B (t A <°>, t B <°>, t A \ t B ', .... \ A <?\ t B (7), ... 
and the reference periods considered with respect to the 
given reference times. 

[0342] Advantageously, in this fourth embodiment of 
the invention, the loss of a data frame or the fact that 
the latter is incorrectly received does not prevent, as is 
the case with the third embodiment, the detection of the 
deviation between the clocks CLK1 and CLK2. 
[0343] This is because the table in Figure 7 indicates 
that the reference periods are considered, for frames i 
= 0 and i = 1 , between the reference times t A and t A * 
(node A), t B and t B ' (node B), for frames i = 1 and i = 2, 
between the reference times t A ' and t A ° (node A), t B and 
%" (node B). 

[0344] Moreover, the invention makes it possible to 
check the synchronisation between the clocks of nodes 
A and B even if the data frames have variable duration. 
[0345] It should be noted that, with regard to the op- 
timisation of the size of the different registers and nota- 
bly the registers 98a, 98b, 98d, everything stated during 
the description of the first embodiment remains valid for 
this second embodiment. 

[0346] Notably, the optimisation of the size of these 
registers and particularly of the register 94a is important 
since it defines the bandwidth necessary for the radio 
transmission. 

[0347] It should be noted that th present invention 
makes it possibl to check the synchronisation of sev- 
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eral nodes connected to different serial connection bus- 
es with respect to a "Master" node wher the latter is 
capable of broadcasting information to th nodes to be 
synchronised. 

[0348] This applies more particularly when the nodes 
communicate with each other by radio or optical link. 
[0349] It should also be noted that, in a communica- 
tion network according to the invention, it is possible to 
provide for a network node which is dedicated to gener- 
ating a reference event common to all the nodes. The 
existence of this node makes it possible to use the in- 
vention when the two nodes to be synchronised cannot 
generate reference events by themselves. 



Claims 



claim 6, wherein the f ram 
of the data frame. 



r ferenc event is a start 
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8. Method of transferring information according to 
claim 6, wherein the information are inserted into 
the data frame. 

9. Method according to claim 2, wherein the clock gen- 
erates synchronisation signal on the network it is 
connected. 

1 0. Method according to claim 3, wherein the first node 
sends periodically the number of counted clock 
pulses stored in a register on the network it is con- 
nected. 



-11 .—Method aereordtng to clai m 3, w h e r ei nihe fi r st node 
updates its register by information received from the 
network it is connected. 

12. Method of receiving information from a first node by 
a second node, each node connected respectively 
to a communication network, each communication 
network being synchronised by exchanging a syn- 

25 chronisation information between the first and the 
second nodes, the second node having a counter 
monitoring clock pulses of a clock, the method com- 
prises the following steps executed in the second 
node when a frame comprising data is received 

30 from a first node: 

reading information representing the counted 
clock pulse at the appearance of reference 
event, 

35 - reading synchronisation information inserted in 
received frame, 

calculating a difference between information, 
entering into a network synchronisation proce- 
dure according to the results of the calculating 
step. 

13. Method of receiving information according to claim 
12, wherein the clock is comprised in the second 
node. 



1 . Method of transferring information from a first node 
to a second node, each node connected respective- 
ly to a communication network, each communica- 
tion network being synchronised by exchanging a 
synchronisation information between the first and 
the second node, the first node having a counter 
monitoring clock pulses of a clock, the method com- 
prises the following steps executed in the first node 
when a frame comprising data has to be transferred 
from the first node to the second : 

reading information representing the counted 
clock pulses at the appearance of a reference 
event, 

inserting at least said information or calculated 
information on the basis of said information into 
the frame as the synchronisation information, 
transferring said frame to the second node. 

2. Method of transferring information according to 
claim 1, wherein the clock is comprised in the first 
node. 

3. Method of transferring information according to 
claim 2, wherein the number of counted clock puls- 
es is stored in a register. 



4. 



Method of transferring information according to 
claim 1, wherein calculated information is a differ- 
ence of the number of counted clock pulses be- 
tween two reference events. 



5. Method of transferring information according to 
claim 1 , wherein the reference event is a frame ref- 
erence event. 

6. Method of transferring information according to 
claim 1, wherein the frame is constituted of a pre- 
amble, and a data frame. 

7. Method of transferring information according to 
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14. Method of receiving information according to claim 
12 , wherein the calculating step consists in sub- 
tracting the read information representing the 
counted clock pulse at the appearance of reference 
event to read synchronisation information. 

15. Method of receiving information according to claim 
12, wherein the network synchronisation procedure 
comprises the steps of storing the result of the sub- 
tracting step into a first register for synchronisation. 

1 6. Method for receiving information according to claim 
15, wherein the network synchronisation procedure 
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further comprises the steps of: 

reading information representing the counted 
clock pulse at the appearance of a second r f- 
erence event, s 
reading synchronisation information in a sec- 
ond received frame, 

subtracting one read information representing 
the counted clock pulse at the appearance of 
the second reference event to one read infor- 10 
mation in a second received frame, 
storing the result of the subtracting step into a 
second register for synchronisation. 



20, wherein the network synchronisation procedure 
comprises the steps of generating an information 
message on the network, containing information 
representing the results of the subtracting step. 

23. Method according to claim 1 8 or 2 1 wherein the syn- 
chronisation register is a register for modifying at 
least one period of the network synchronisation sig- 
nal generated from the clock of the second node. 

24. Method of receiving information according to claim 
12, wherein the frame is constituted of a preamble, 
and a data frame. 



17. Method of receiving information according to claim 25. Method of receiving information according to claim 
16, wherein the network synchronisation procedure 12, wherein the reference event is a frame refer- 
fu rth e r comprises the steps of. enee-e v e nt. 



subtracting the content of the second register 
to the first register, 

generating an information message on the net- 
work, containing information representing the 
results of the subtracting step. 

18. Method of receiving information according to claim 
16, wherein the network synchronisation procedure 
further comprises the steps of: 

subtracting the content of the second register 
to the first register, 

storing the result of the subtracting step in a 
synchronisation register in view of synchroni- 
sation. 

19. Method of receiving information according to claim 
12, wherein the synchronisation information in the 
frame is the difference between counted clock pulse 
at the appearance of two reference events on the 
first node. 

20. Method of receiving information according to claim 

1 9, wherein the step of reading information repre- 
senting the counted clock pulse at the appearance 
of reference event consists in: 

reading two information representing the count- 
ed clock pulse at the appearance of two refer- 
ence events, 

calculating a difference between both informa- 
tion in order to form a read information. 

21. Method of receiving information according to claim 

20, wherein the network synchronisation procedure 
comprises the steps of storing the result of the sub- 
tracting step in a synchronisation register in view of 
network synchronisation. 

22. Method of receiving information according to claim 



26. Method of receiving information according to claim 
20 24, wherein the frame reference event is the start 

of the data frame. 

27. Method according to claim 23, wherein the clock of 
the second node generates synchronisation signal 

25 on the network it is connected. 

28. Method according to claim 23, wherein the second 
node sends periodically number of counted pulse 
on the network it is connected. 

30 

29. Method according to claim 17 and 22, wherein the 
second node updates the number of counted pulses 
from information received from the network it is con- 
nected. 

35 

30. Apparatus for transferring information to node of 
communication, the apparatus and node connected 
respectively to a communication network, each 
communication network being synchronised by ex- 

40 changing a synchronisation information between 
the apparatus and the node, the apparatus having 
a counter monitoring clock pulses of a clock, the ap- 
paratus comprising the following means: 

45 - reading means for reading information repre- 
senting the counted clock pulses at the appear- 
ance of a reference event, 
inserting means for inserting at least said infor- 
mation or calculated information on the basis 

50 of said information into a frame as the synchro- 

nisation information, 

transferring means for transferring said frame 
to node. 

55 31. Apparatus for transferring information according to 
claim 30, wherein the clock is comprised in th ap- 
paratus. 
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32. Apparatus for transferring information according to 
claim 31, further comprising register to store the 
number of counted clock pulses. 

33. Apparatus for transferring information according to 
claim 30, further comprising means for calculating 
calculated information as a difference of the number 
of counted clock pulses between two reference 
events. 

34. Apparatus for transferring information according to 
claim 30, wherein the reference event is a frame ref- 
erence event. 

35. Apparatus for transferring information according to 
claim 30, wherein the frame is constituted of a pre- 

arr^er and a data frame. 
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network according to the results of the calculat- 
ing means. 

42. Apparatus for receiving information according to 
claim 41 , further comprising the clock. 

43. Apparatus for receiving information according to 
claim 42, wherein the calculating means subtracts 
the read information representing the counted clock 
pulse at the appearance of reference event to read 
synchronisation information. 

44. Apparatus for receiving information according to 
claim 41 , wherein the synchronisation means com- 
prises means for storing the result of the subtracting 
step into a first register for synchronisation. 



36. Apparatus for transferring information according to 
claim 35, wherein the frame reference event is a 20 
start of the data frame. 

37. Apparatus for transferring information according to 
claim 35, wherein inserting means for inserting in- 
formation insert information into the data frame. 25 

38. Apparatus for transferring information according to 
claim 31, further comprising generating means for 
generating from the clock, synchronisation signal 

on the network it is connected. 30 

39. Apparatus for transferring information according to 
claim 31, further comprising sending means for 
sending the number of counted clock pulses stored 

in a register on the network it is connected. 35 

40. Apparatus for transferring information according to 
claim 32, further comprising updating means for up- 
dating the register by information received from the 
network it is connected. 40 

41. Apparatus for receiving information from a node, 
the node and the apparatus connected respectively 
to a communication network, each communication 
network being synchronised by exchanging a syn- 
chronisation information between the node and the 
apparatus, the apparatus having a counter monitor- 
ing clock pulses of a clock, the apparatus compris- 
ing: 

reading means for reading information repre- 
senting the counted clock pulse at the appear- 
ance of reference event, 
- ASV reading means for reading synchronisation in- 
formation inserted in received frame, 
calculating means for calculating a difference 
between information, 

synchronisation means for synchronising the 
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45. Apparatus for receiving information according to 
claim 44, wherein synchronising means for syn- 
chronising comprise: 

reading means for reading information repre- 
senting the counted clock pulse at the appear- 
ance of a second reference event, 
reading means for reading synchronisation in- 
formation in a second received frame, 
subtracting means for subtracting one read in- 
formation representing the counted clock pulse 
at the appearance of the second reference 
event to one read information in a second re- 
ceived frame, 

storing means for storing the result of the sub- 
tracting step into a second register for synchro- 
nisation. 

46. Apparatus for receiving information according to 
claim 45, wherein the synchronising means for syn- 
chronising further comprise : 

subtracting means for subtracting the content 
of the second register to the first register, 
generating means for generating an informa- 
tion message on the network, containing infor- 
mation representing the results of the subtract- 
ing means. 

47. Apparatus for receiving information according to 
claim 45, wherein the synchronising means for syn- 
chronising further comprise : 

subtracting means for subtracting the content 
of the second register to the first register, 
storing means for storing the result of the sub- 
tracting means in a synchronisation register in 
vi w of synchronisation. 

48. Apparatus for receiving information according to 
claim 41 , wherein the synchronisation information 
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in the frame is the difference between counted clock 
pulse at the appearance of two referenc v nts on 
the node. 

49. Apparatus for receiving information according to 
claim 48, wherein the reading means of reading in- 
formation representing the counted clock pulse at 
the appearance of reference event consists in: 

reading means for reading two information rep- 
resenting the counted clock pulse at the ap- 
pearance of two reference events, 
calculating means for calculating a difference 
between both information in order to form a 
read information. 
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50. Apparatus for receiving-Information according lo 
claim 49, wherein the synchronising means for syn- 
chronising comprise storing means for storing the 
result of the subtracting step in a synchronisation 
register in view of network synchronisation. 

51. Apparatus for receiving information according to 
claim 49, wherein the synchronising means for syn- 
chronising comprise generating means for generat- 
ing an information message on the network, con- 
taining information representing the results of the 
subtracting step. 

52. Apparatus according to claim 47 or 50 wherein the 
synchronisation register is a register for modifying 
at least one period of the network synchronisation 
signal generated from the clock of the second node. 

53. Apparatus for receiving information according to 
claim 41 , wherein the frame is constituted of a pre- 
amble, and a data frame. 

54. Apparatus for receiving information according to 
claim 41 , wherein the reference event is a frame ref- 
erence event. 

55. Apparatus for receiving information according to 
claim 53, wherein the frame reference event is the 
start of the data frame. 

56. Apparatus according to claim 46 or 49, wherein the 
clock generates synchronisation signal on the net- 
work it is connected. 

57. Apparatus according to claim 47 or 50, further com- 
prising sending means for sending periodically 
number of counted pulse on the network it is con- 
nected. 

58. Apparatus according to claim 46 or 51 , further com- 
prising updating means for updating the number of 
counted pulses from information received from the 



network it is connected. 

59. Method of synchronisation between communication 
networks exchanging information by frame of infor- 
mations, each communication network having clock 
and the number of clock pulses is monitored by a 
counter, the method comprises the following steps: 

reading information representing the counted 
clock pulses of the clock of the first network at 
the appearance of a reference event, 
inserting at least said information or calculated 
information on the basis of said information into 
the frame of information as the synchronisation 
information, 

transferring said frame of information from the 
Hi s t t o the seco nd n etw orkr 
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60. 



61 



reading information representing the number of 
counted clock pulse of the clock of the second 
network at the appearance of reference event, 
reading synchronisation information inserted in 
received frame of information from the first net- 
work, 

calculating a difference between information, 
synchronising the second network. 

Method of synchronisation according to claim 59, 
wherein the reference event is a frame reference 
event. 

Method according to claim 59, wherein the frame is 
constituted of a preamble, and a data frame. 



62. Method according to claim 61 , wherein the frame 
reference event is a start of the data frame. 

63. Method according to claim 61 , wherein the informa- 
tion are inserted into the data frame. 

64. Method according to claim 59, wherein calculated 
information is a difference of the number of counted 
clock pulses between two reference events. 

65. Method according to claim 59, wherein the clock 
generates synchronisation signal on the network it 
belongs. 

66. Method according to claim 59, wherein the synchro- 
nisation step consists in modifying at least one pe- 
riod of the synchronisation signal generated by the 
clock of the "second networks according to the result 
of the calculation step. 

67. System for synchronisation between communica- 
tion networks exchanging information by frame of 
informations, each communication network having 
clock and the number of clock pulses is monitored 
by a counter, the system comprising: 
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reference event, 

code for inserting at least said information or 
calculated information on the basis of said in- 
formation into a frame as the synchronisation 
information, 

code for transferring said frame to the node. 

75. A memory medium for storing a program to be ex- 
ecuted in an apparatus for receiving information 
from a node, the node and the apparatus connected 
respectively to a communication network, each 
communication network being synchronised by ex- 
changing a synchronisation information between 
the node and the apparatus, the apparatus having 
a counter monitoring clock pulses of a clock, the 
program comprising: 



68. System for synchronisation according to claim 67, 
wherein the reference event is a frame reference 
event. 

69. System according to claim 67, wherein the frame is 
constituted of a preamble, and a data frame. 

70. System according to claim 69, wherein the frame 
reference event is a start of the data frame. 

71 . System according to claim 69, wherein the informa- 
tion are inserted into the data frame. 3S 

72. System according to claim 67, wherein calculated 
information is a difference of the number of counted 
clock pulses between two reference events. 

40 

73. System according to claim 67, wherein the synchro- 
nising means for synchronising consist in modifying 
at least one period of the synchronisation signal 
generated by the clock of the second network ac- 
cording to the result of the calculation step. 45 

74. A memory medium for storing a program to be ex- 
ecuted in an apparatus for transferring information 
to node of communication, the apparatus and the 
node connected respectively to a communication so 
network, each communication network being syn- 
chronised by exchanging a synchronisation infor- 
mation between the apparatus and the node, the 
apparatus having a counter monitoring clock pulses 

of a clock, the program comprising: ss 

cod for reading information representing the 
counted clock pulses at the appearance of a 



code for reading information representing the 
counted clock pulse at the appearance of ref- 
erence event, 

code for reading synchronisation information 
inserted in received frame, 
code for calculating a difference between infor- 
mation, 

code for synchronising the network according 
to the results of the calculation. 

76. A program stored in a memory medium in an appa- 
ratus for transferring information to a node of com- 
munication, the apparatus and the node connected 
respectively to a communication network, each 
communication network being synchronised by ex- 
changing a synchronisation information between 
the apparatus and the node, the apparatus having 
a counter monitoring clock pulses of a clock, com- 
prising: 

code for reading information representing the 
counted clock pulses at the appearance of a 
reference event, 

code for inserting at least said information or 
calculated information on the basis of said in- 
formation into a frame as the synchronisation 
information, 

code for transferring said frame to the node. 

77. A program stored in a memory medium in an appa- 
ratus for receiving information from a node, the 
node and the apparatus connected respectively to 
a communication network, each communication 
network being synchronised by exchanging a syn- 
chronisation information between the node and the 
apparatus, the apparatus having a counter monitor- 
ing clock pulses of a clock, comprising: 

code for reading information representing the 
counted clock pulse at the appearance of ref- 
erence event, 



reading means for r ading information repre- 
senting the counted clock pulses of the clock of 
the first network at the appearance of a refer- 
ence event, 

inserting means for inserting at least said infor- 
mation or calculated information on the basis 
of said information into the frame of information 
as the synchronisation information, 
transferring means for transferring said frame 
of information from the first to the second net- 
work, 

reading means for reading information repre- 
senting the number of counted clock pulse of 
the clock of the second network at the appear- 
ance of reference event, 
reading means for reading synchronisation in- 

tion, 

calculating means for calculating a difference 
between information, 20 
synchronising means for synchronising the 
second network. 
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code for reading synchronisation information 
inserted in received frame, 
code for calculating a difference between infor- 
mation, 

code for synchronising the network according 
to the results of the calculation. 

78. Apparatus for transferring information to a node of 
communication, the apparatus and the node con- 
nected respectively to a communication network, 
each communication network being synchronised 
by exchanging a synchronisation information be- 
tween the apparatus and the node, the apparatus 
having a counter monitoring clock pulses of a clock, 
the apparatus comprising: 

- a processor tor reading intormation represent- 
ing the counted clock pulses at the appearance 
of a reference event, 

and for inserting at least said information or cal- 
culated information on the basis of said infor- 
mation into a frame as the synchronisation in- 
formation, 

transferring means for transferring said frame 
to the node. 



sending said frame with said information repre- 
senting time. 

81. Method of transferring information from a first node 
5 to a second node, each node connected respective- 
ly to a communication network, each communica- 
tion network being synchronised by exchanging a 
synchronisation information between the first and 
the second node, the first node having a counter 
monitoring clock pulses of a clock, the method com- 
prises the following steps executed in the first node 
when a frame comprising data has to be sent from 
the first node to the second : 

obtaining information representing a duration 
between the reference event of at least two 

frames^ 

sending said frame with said information repre- 
senting a duration. 
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79. Apparatus for receiving information from a node, 
the node and the apparatus connected respectively 
to a communication network, each communication 
network being synchronised by exchanging a syn- 30 
chronisation information between the node and the 
apparatus, the apparatus having a counter monitor- 
ing clock pulses of a clock, the apparatus compris- 
ing: 

35 

a processor for reading information represent- 
ing the counted clock pulse at the appearance 
of reference event, 

for reading synchronisation information insert- 
ed in received frame, *o 
for calculating a difference between informa- 
tion, 

and for synchronising the network according to 
the results of the calculation. 

45 

80. Method of transferring information from a first node 
to a second node, each node connected respective- 
ly to a communication network, each communica- 
tion network being synchronised by exchanging a 
synchronisation information between the first and so 
the second node, the first node having a counter 
monitoring clock pulses of a clock, the method com- 
prises the following steps executed in the first node 
when a frame comprising data has to be sent from 

the first node to the second : 55 

obtaining information representing time in a 
communication network at a reference event, 
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